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Description

Field of the Invention

[0001] The present invention relates to organic light
emitting diode image manifestation apparatus and to a
novel method of fabrication of a full color organic light
emitting diode (LED) array for image manifestation ap-
paratus.

Background of the Invention

[0002] An organic LED array for image display appli-
cations is composed of a plurality of organic light emit-
ting pixels arranged in rows and columns. To generate
a full color display from a thin film electroluminescent
array, there are two primary technologies known in the
prior art. A full color array can be achieved by construct-
ing three sub-pixels in one pixel, each sub-pixel emitting
red, green or blue. This technology is generally utilized
in cathode-ray-tube color displays. An alternative full
color array makes use of a white emitter as a backlight
in conjunction with a color filter array containing pixels
patterned into red, green, and blue sub-pixels. The sec-
ond technology to generate full color has been widely
used in full color liquid crystal displays.

[0003] In a full color organic electroluminescent dis-
play, the color filter based technology is generally con-
sidered less favorable due to the luminescent efficiency
limits of most organic LED devices.

[0004] Inafull colorarray, each individual organic light
emitting pixel is divided into red, green and blue sub-
pixels. Each sub-pixel is generally constructed with a
light transmissive first electrode, an organic electrolumi-
nescent medium deposited on the first electrode, and a
metallic electrode on top of the organic electrolumines-
cent medium. The color of the sub-pixel is determined
by the electroluminescent medium employed. The elec-
trodes connect the pixels to form a two-dimensional X-Y
addressing pattern. In practice, the X-Y addressing pat-
tern is achieved by patterning the light transmissive
electrodes in the X direction and patterning the metallic
electrodes in the Y direction, with X and Y directions be-
ing perpendicular to each other. The patterning of the
electrodes is usually accomplished by either shadow
mask or etching techniques. Due to the technical limits
of shadow masks, only etching processes are being uti-
lized for image displays, which have generally sub-pixel
pitches less then 0.2 mm.

[0005] Depending on the medium used in etching
processes, the etching technique can be divided into
two categories: wet and dry. While wet etching is per-
formed in an acidic liquid medium, dry etching is usually
carried out in a plasma atmosphere.

[0006] Scozzafavain EP 349,265 disclosed an organ-
ic electroluminescent image display device and a proc-
ess for its fabrication based on a wet etching technology.
The metallic electrodes used for cathode contacts in or-
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ganic LEDs usually contain a stable metal and a highly
reactive metal (with work function less then 4 eV) that
can not survive in the acid etching processes.

[0007] The dry etching processes for metallic elec-
trodes in an organic LED array is also problematic. The
high temperature (> 200°C) and reactive ion atmos-
phere required in dry etching process may affect the in-
tegrity of the organic materials as well as the active met-
al contained in the metallic electrodes in an organic LED
array.

[0008] Tang in U.S. Patent Number 5,276,380 dis-
closes a shadow wall method to fabricate the two-di-
mensional array without the need of the etching of the
metallic electrodes. The shadow wall method includes:
patterning the transparent electrode first; building die-
lectric walls that are orthogonal to the transparent elec-
trodes, capable of shadowing an adjacent pixel area,
and with a height exceeding the thickness of the organic
medium; depositing organic electroluminescent medi-
um; and depositing the cathode metals from an angle of
15° to 45° with respect to the deposition surface. Since
the height of the dielectric walls exceeds the thickness
of the organic medium, isolated parallel metal stripes
are formed. Thus, a X-Y addressable array is achieved
without the need of metal etching. Though this method
seems to be viable for metal patterning, it is limited to
certain pitch dimensions, and potentially could introduce
leakage in pixels in the array.

[0009] PATENT ABSTRACTS OF JAPAN, Vol. 016,
no. 246 (E-1212), 5 June 1992 & JP 04 051494 A (PI-
ONEER ELECTRON CORP), 19 February 1992 dis-
closes having an insulating layer which is held between
an organic electroluminescent layer and at least one-
end electrode and also extendedly exists along the edge
portion of the electrode. There is no disclosure of posi-
tioning an ambient stable metal in sealing engagement
over the cavity structure. There is no disclosure of a
cathode metal having a work function of less than 4.0eV
formed as part of the electroluminescent structure, and
having an ambient stable metal layer formed on top of
the cathode metal, wherein the ambient metal is one of
Au, Ag, Cu or Al that is positioned in sealing engage-
ment over the cavity structures and connected to form
a plurality of laterally spaced, parallel, metallic strips ar-
ranged in columns orthogonal to the conductive strips.
There is no disclosure of a cathode metal as part of the
electroluminescent structure and an ambient metal lay-
er for sealing engagement and for the provision of struc-
tural integrity.

[0010] Thus, it would be advantageous to provide a
full color organic LED array which overcomes these
problems.

[0011] Accordingly, it is a purpose of this invention to
provide a novel method of fabrication of a full color or-
ganic LED array for image display applications.

[0012] Itis another purpose of this invention to provide
a cavity structure in which a full color organic LED array
is constructed.
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[0013] Itis a further purpose of this invention to pro-
vide a passivated full color organic LED array for image
display applications with improved reliability.

Summary of the Invention

[0014] The present invention provides a full color or-
ganic light emitting diode array, as claimed in claim 1.
[0015] The present invention provides a method of
fabricating a full color organic light emitting diode array,
as claimed in claim 8.

[0016] The above problems and others are at least
partially solved and the above purposes and others are
realized in embodiments of the invention.

Brief Description of the Drawing

[0017] Referring to the drawings, wherein like charac-
ters indicate like parts throughout the figures:

FIG. 1 is a plan view of different cavity structures
intentionally depicted on the same substrate to il-
lustrate their dimensional difference;

FIGS. 2, 3, 4 and 5 are cross sectional views at
successive stages of fabrication of a pixel with three
sub-pixels of an organic LED array embodying the
present invention; and

FIG. 6 is a top plan view of the organic LED array
with portions broken away for ease of visualization.

Description of the Preferred Embodiments

[0018] Since device feature dimensions are often in
sub-micrometer ranges, the drawings are scaled for
ease of visualization rather than dimensional accuracy.
Referring specifically to FIG. 1, a plan view of trenches
10 and wells 20 are intentionally depicted on the same
substrate to illustrate their dimensional difference. Both
the trench and the well structures are generally formed
by photolithographically patterning a dielectric layer 103
that has been deposited on top of light transmissive,
conductive strips that are in turn supported by an under-
lying layer of transparent insulating substrate, as will be
described presently.

[0019] Each trench 10 is defined as a long, narrow,
straight, deep depression with four relative steep (sub-
stantially vertical) sides formed in dielectric layer 103.
Each trench 10 typically takes the shape of a rectangular
parallelepiped as shown in FIG. 1. A trench 10 generally
extends across substrate 100 in a direction either per-
pendicular to underlying light transmissive, conductive
strips 101 (see FIG. 6 for example) or parallel to and on
the top of underlying light transmissive, conductive
strips 101. In this specific embodiment, trenches 10 are
preferably perpendicular to underlying light transmis-
sive, conductive strips 101 so as to form a x-y address-
able matrix. A plurality of pixels can be constructed in
each single trench 10.
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[0020] Each well 20 is defined as a hole formed in di-
electric layer 103 with a rectangular, square or circular
shape of opening, and steep (substantially vertical) side
walls. Wells 20 are characterized by the small feature
size and nearly isotropic shape of opening. A plurality
of wells 20 are constructed in a row across substrate
100 in overlying relationship to light transmissive, con-
ductive strips 101 (see FIG. 6 for example). Each well
20 defines the shape of a sub-pixel in the array. Either
trenches 10 or wells 20 can be used in fabrication of a
full color organic LED array for image display, as will be
described presently. For convenience of further disclo-
sure, both trenches 10 and wells 20 are hereinafter re-
ferred to in general as cavity structures, which term also
includes other variations on these structures.

[0021] TheLED array to be described is characterized
in that the array is capable of full color image display.
Each pixel is composed of three sub-pixels, each having
a specific electroluminescent medium capable of emit-
ting light of a different hue, preferably red, or green, or
blue. Each sub-pixel is constructed with a cavity struc-
ture having light transmissive, conductive strips 101 at
the bottom, dielectric medium on the side walls and an
ambient stable metal on the top. A method of fabrication
of the full color organic LED array for image display ap-
plications, in accordance with the present invention, is
disclosed herein. FIGS. 2, 3 , 4 and 5 are cross sectional
views illustrating a single pixel with three sub-pixels of
the LED array at successive stages of fabrication.
[0022] Referring to FIG. 2, the construction of a pixel
begins with a relative flat, light transmissive, preferably
transparent, and electrically insulative substrate 100.
Substrates made of glass and/or polymeric materials
can generally be used, but glass is preferred. A layer of
light transmissive, electrically conductive material is de-
posited on the upper surface of substrate 100, which lay-
er is selected from a variety of organic or inorganic con-
ductors, such as conductive polyaniline (PANI),or indi-
um-tin-oxide (ITO). The layer is then patterned by con-
ventional lithographic techniques to form a plurality of
parallel conductive strips 101 that are capable of being
addressed in a row fashion (or, conversely, a column
fashion if desired) and will serve as an anodic electrode
in the final array.

[0023] A layer of dielectric medium 103 is deposited
on top of conductive strips 101 and exposed portions of
substrate 100, by techniques such as thermal evapora-
tion, sputtering or plasma enhanced chemical vapor
deposition. Dielectric medium 103 used in the construc-
tion of cavity structures can be an organic polymer or
inorganic materials. It is preferred to use an inorganic
dielectric material such as silicon dioxide, silicon nitride,
or alumina, which is usually a better barrier to oxygen
and moisture than organic polymer materials. The thick-
ness of dielectric medium 103 determines the depth of
the cavity structures and may vary from 10 um to 0.1
um. For easy processing, a thickness of less then 1 um
is preferred.
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[0024] Alayer 105 of photoresist is spin-coated on top
of dielectric medium 103 and patterned with a light
source through a mask (not shown). Though both pos-
itive and negative resist can be used, it is preferred to
use a positive resist for its high resolution and excellent
dry etching resistance. After a heat treatment, layer 105
of photoresist is developed to expose underlying dielec-
tric medium 103. Dielectric medium 103 is then pat-
terned by conventional wet or dry etch technique to form
a cavity structure or structures 112. Dry etch is generally
preferred for its anisotropic character that renders rela-
tively straight or substantially vertical side walls.
[0025] An electroluminescent structure 202 is depos-
ited inside cavity structure 112, and in overlying relation-
ship to a single conductive strip of the plurality of con-
ductive strips 101. Electroluminescent structure 202
generally consists of a layer of hole transporting mate-
rial, a layer of active emitter material capable of emitting
the first hue, a layer of electron transporting material and
a layer of a low work functional metal as a cathode.
Since these individual layers of electroluminescent ma-
terial 202 are known, each individual layer is not de-
scribed in detail herein.

[0026] The upper end, or opening, of cavity structure
112 is then sealed by deposition of a thick layer 106 of
an ambient stable metal such as aluminum, silver, cop-
per or gold as a cap for cavity structure 112. The thick-
ness of layer 106 is controlled so that cavity structure
112 is just filled to the height of dielectric medium 103.
A lift-off of photoresist layer 105 is performed to com-
plete the first sub-pixel capable of emitting a first hue,
red in this specific embodiment, in the pixel.

[0027] Referring to FIG. 3, the formation of a second
sub-pixel is depicted. A layer 107 of photoresist is spin-
coated on top of the first sub-pixel and dielectric medium
103 and patterned and developed, generally as de-
scribed above. The exposed dielectric medium 103 is
then patterned to form a second cavity structure or struc-
tures 113 adjacent to the first sub-pixel. An electrolumi-
nescent medium 203 is deposited in cavity structure 113
and in overlying relationship to the single conductive
strip of the plurality of conductive strips 101. As ex-
plained in conjunction with electroluminescent structure
202, electroluminescent medium 203 generally consists
of a layer of hole transporting material, a layer of active
emitter material capable of emitting a second hue, a lay-
er of electron transporting material and a layer of a low
work function metal as a cathode. The upper end of cav-
ity structure 113 is sealed by deposition of a thick layer
108 of an ambient stable metal such as aluminum, silver,
copper or gold to the height of dielectric medium 103.
After lift-off is performed on photoresist 107, the con-
struction of the second sub-pixel in the pixel, capable of
emitting the second hue, in this specific embodiment
green, is complete.

[0028] ReferringtoFIG.4,the formation of a third sub-
pixel is depicted. A layer 109 of photoresist is spin-coat-
ed on top of the first and second sub-pixels and dielectric
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medium 103 and patterned and developed, generally as
described above. The exposed dielectric medium 103
is then patterned to form a third cavity structure or struc-
tures 114 adjacent to the first and second sub-pixels. An
electroluminescent medium 204 is deposited in cavity
structure 114 and in overlying relationship to the single
conductive strip of the plurality of conductive strips 101.
As explained in conjunction with electroluminescent
structure 202 and 203, electroluminescent structure 204
generally consists of a layer of hole transporting mate-
rial, a layer of active emitter material capable of emitting
a third hue, a layer of electron transporting material and
a layer of a low work function metal as a cathode. The
upper end of cavity structure 114 is sealed by deposition
of a thick layer 110 of an ambient stable metal such as
aluminum, silver, copper or gold to the height of dielec-
tric medium 103. After lift-off is performed on photoresist
109, the construction of the third sub-pixel in the pixel,
capable of emitting the third hue, in this specific embod-
iment blue, is complete.

[0029] The complete pixel capable of emitting three
primary colors is illustrated in FIG. 5. After the lift-off of
the last photoresist layer 109, the sub-pixels are then
connected in a direction orthogonal to conductive strips
101 by metal strips 115. The metal strips can be formed
by either lithographically patterning a blanket layer of
deposited metal or depositing of metal over a resist-
masked pattern followed by a lift-off process.

[0030] FIG. 6 is a plan view of the completed organic
LED array with portions broken away to illustrate three
different stages of the fabrication. Proceeding from left
to right in FIG. 6, an area 121 illustrates the LED array
at a stage where patterned light transmissive, conduc-
tive strips 101 have been formed on light transmissive,
electrically insulative substrate 100. A central area 122
in FIG. 6 illustrates the stage where individual sub-pixels
of electroluminescent structure 202, 203, and 204 ca-
pable of emitting three hues, in this embodiment the pri-
mary colors red, green and blue, have been deposited
in cavity structures 112, 113 and 114, respectively. An
area 123 illustrates the array after a plurality of parallel,
laterally spaced, ambient stable metal strips 115 have
been selectively deposited on top of the cavity struc-
tures 112, 113 and 114, to connect the sub-pixels in col-
umns as cathodic electrodes.

[0031] While the above cavity structures 112, 113 and
114 have been depicted as wells, it should be under-
stood that an array of trench structures can be fabricated
in similar fashion, with the exception that the orientation
of the trench structures is, preferably, perpendicular to
and across all conductive strips 101 in order to form a
x-y addressable matrix.

[0032] The number of pixels and the sub-pixel pitch,
that is the width of a cavity structure, in an array, needed
for an image display application, are dependent upon
the resolution and size of the display required for the
specific application. For example, a minimum of 640 x
480 pixels, each having three sub-pixels and with a sub-
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pixel pitch less than 0.1 mm, are needed for satisfactory
resolution in a 13 inch diagonal color VGA type of dis-
play. The pixel pitch is confined only by the limit of li-
thography technology, which is around 0.5 um in current
manufacturing technology.

[0033] The array disclosed in this embodiment has in-
herently superior stability over any of the arrays dis-
closed in the prior art. The organic electroluminescent
medium and the cathode contact of low work function
metal in each sub-pixel (well structure) or row of sub-
pixels (trench structure) are enclosed in a well or trench
by a light transmissive first electrode at the bottom, a
dielectric medium on the side and an ambient stable
metal cap on the top. The disclosed cavity structures
significantly reduce the ambient (oxygen and moisture)
degradation of the display elements.

[0034] The materials used as the electroluminescent
medium in the array disclosed in this invention can take
any of the forms of organic EL devices disclosed in the
prior art. The electroluminescent medium generally con-
sists of a layer of hole transporting material, a layer of
active emitter, a layer of electron transporting material
and a layer of low work functional metal as cathode. Or-
ganic, organometallic, polymeric or any combination of
those materials can be used as hole transporting mate-
rials, active emitters and electron transporting materials.
It will of course be understood that in some special ap-
plications either or both of the hole transporting material
and the electron transporting material may be eliminat-
ed, although this will generally result in poor light emis-
sion.

[0035] To achieve the three primary color emissions,
namely, red, green and blue, three different active emit-
ters that would generate the desired color emissions in
a pixel can be utilized. In each active emitter layer, a
fluorescent dopant used for enhancement of the emis-
sion efficiency for each individual color in a sub-pixel can
also be incorporated. Alternatively, a single emitter ca-
pable of blue emission is used as host emitters in all
three sub-pixels. To achieve the three primary color
emissions, three sub-pixels are then doped with three
guest dopants of efficient fluorescent dyes capable of
red, green and blue emissions, respectively. The guest
dopants act as the real emitters while the host emitter
serves as an excited energy transporting medium.
[0036] The organic electroluminescent media are de-
posited by vacuum evaporation when sublimable mate-
rials are used. They can also be deposited by other tech-
nigues such as injection-fill, spin-coating, roll-coating,
dip-coating or doctor-blading from a suitable solution
when a polymeric material is used. A mixture of the
above-mentioned techniques may be needed in cases
where a heterostructure array composed of both subli-
mable materials and polymers is to be built.

[0037] At present time, metals with a work function
less than 4.0 eV, e.g. lithium, magnesium, indium, cal-
cium etc., are generally used as the cathode material in
order to achieve an efficient LED display. It is conceiv-
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able in the near future, metals with work function greater
than 4.0 eV may also be employed as the cathode ma-
terial to yield an efficient LED display as the electron
injecting and transporting abilities of the materials used
in the electroluminescent media improve.

[0038] Inoperation a pattern of light emission from the
LED array can be seen from the bottom surface of trans-
parent substrate 100. The LED array is driven to emit
light by a programmed electronic driver, which sequen-
tially addresses one row of sub-pixels at a time and re-
peats the addressing sequence at such a rate that the
interval between repeated addressing of the same row
is less than the detection limit of the human eye, typically
less than 1/60th of a second. The eye sees an image
formed by the light emission from all of the addressed
rows, though the device at any moment is emitting from
only one row.

[0039] Colors for animage are generated by address-
ing a combination of sub-pixels in each pixel, generally
as follows:

(1) address one sub-pixel to emit red light;

(2) address one sub-pixel to emit green light;

(3) address one sub-pixel to emit blue light;

(4) simultaneously address two sub-pixels that emit
red and green to generate a perception of yellow;
(5) simultaneously address two sub-pixels that emit
red and blue to generate a perception of purple;
(6) simultaneously address two sub-pixels that emit
blue and green to generate a perception of blue-
green;

(7) simultaneously address all sub-pixels to gener-
ate white light; and

(8) address none of the sub-pixels to generate a
black background.

Claims

1. A full color organic light emitting diode array com-
prising:

an electrically insulative, light transmissive
substrate (100) having a planar surface;

a plurality of laterally spaced, light transmis-
sive, electrically conductive strips (101) ar-
ranged in rows on the surface of the substrate
(100) with portions of the surface of the sub-
strate (100) exposed therebetween;

a layer of dielectric medium (103) on the con-
ductive strips (101) and the portions of the sur-
face of the substrate (100);

a plurality of cavity structures (10, 20) defined
by the dielectric medium (103) and each cavity
structure (10, 20) defining a sub-pixel, the plu-
rality of cavity structures (10, 20) being posi-
tioned in rows in overlying relationship to the
plurality of conductive strips (101) with individ-
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ual cavity structures (10, 20) positioned in over-
lying relationship to an associated conductive
strip (101) so as to expose a portion of the con-
ductive strip (101) ;

characterised by:

three electroluminescent structures (202, 203,
204), each including at least a layer of organic
active emitter material on the conductive strips
(101) and a layer of metal having a work func-
tion of less than 4.0eV on the layer of organic
active emitter material, the three electrolumi-
nescent structures situated laterally and alter-
natively in the cavity structures (10, 20) on the
exposed associated conductive strip (101),
with all cavity structures in each individual row
containing only one kind of the three electrolu-
minescent structure (202, 203, 204),and the
three electroluminescent media (202, 203, 204)
being selected to provide, in cooperation, full
color emission by including three different ac-
tive emitter materials that generate three prima-
ry colors, each in a different sub-pixel of a pixel;
and

a capping metal (106, 108, 110) chosen from
the group consisting of aluminum (Al), silver
(Ag), copper (Cu) and gold (Au), positioned on
the metal having a work function of less than
4.0eV and in sealing engagement over the cav-
ity structures (10, 20) in contact with the metal
having a work function of less than 4.0eV and
connected to form a plurality of laterally
spaced, parallel, metallic strips (115) arranged
in columns orthogonal to the conductive strips
(101).

A full color organic light emitting diode array as
claimed in claim 1 wherein the light transmissive,
electrically conductive strips (101) include one of an
organic polymer or an inorganic material, prefera-
bly, indium-tin-oxide.

A full color organic light emitting diode array as
claimed in claim 1 wherein the dielectric medium
(103) defining the cavity structures (10, 20) includes
one of an organic polymer or an inorganic material.

A full color organic light emitting diode array as
claimed in claim 3 wherein the dielectric medium
(103) defining the cavity structures (10, 20) includes
an inorganic material including one of silicon diox-
ide, silicon nitride, or alumina.

A full color organic light emitting diode array as
claimed in claim 1 wherein the thickness of the di-
electric medium (103) is in a range of 10 um to 0.1
pum.
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6. A full color organic light emitting diode array as

claimed in claim 1 wherein the three electrolumines-
cent structures (202, 203, 204) further include a lay-
er of hole transporting material and a layer of elec-
tron transporting material positioned to sandwich
the layer of active emitter material therebetween.

A full color organic light emitting diode array as
claimed in claim 6 wherein the layers of hole trans-
porting material, active emitter material and elec-
tron transporting material include forms of organic,
organometallic, polymeric or combinations of or-
ganic, organometallic, and polymeric material.

A method of fabricating a full color organic light
emitting diode array comprising the steps of:

providing a light transmissive and electrically
insulative substrate (100) having a planar sur-
face;

depositing a layer of light transmissive, electri-
cally conductive material (101) on the upper
surface of the substrate (100);

patterning the layer of light transmissive, elec-
trically conductive material to form a plurality of
laterally spaced, conductive strips (101) with
portions of the substrate (100) exposed there-
between;

depositing a layer of dielectric medium (103) on
top of the conductive strips (101) and the por-
tions of the substrate (100);

spin-coating a layer of photoresist on top of the
dielectric medium (103);

patterning the layer of photoresist through a
well structure mask to expose portions of the
dielectric medium (103);

etching the exposed portions of the dielectric
medium (103) to define laterally spaced cavity
structures (10, 20) in overlying relationship to
the conductive strips (101), each cavity struc-
ture (10, 20) exposing a portion of an associat-
ed conductive strip (101);

characterised by

depositing an electroluminescent structure
(202, 203, 204), including at least a layer of or-
ganic active emitter material deposited on the
conductive strips (101) and selected for emis-
sion of a selected hue, and a metal having a
work function of less than 4.0eV deposited on
the layer of organic active emitter material, in
each of the cavity structures (10, 20);

depositing a layer of a capping metal (106, 108,
110) chosen from the group consisting of alu-
minum (Al), silver (Ag), copper (Cu) and gold
(Au), in each of the cavity structures (10, 20) to
seal the cavity structures (10, 20) and form an
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electrical contact with the metal having a work
function of less than 4.0eV in the cavity struc-
tures (10, 20);

lifting off the layer of photoresist to complete a
set of pixels constructed to emit the selected
hue; and

positioning metal strips (115) in overlying rela-
tionship to the pixels, the metal strips (115) con-
necting the capping metal (106, 108, 110) in
each cavity structure (10, 20) in the pixels into
rows, the rows extending in a direction orthog-
onal to the metal strips (101).

Patentanspriiche

Organisches Vollfarben-Leuchtdiodenarray, umfas-
send:

ein elektrisch isolierendes, lichtdurchlassiges
Substrat (100) mit einer planen Oberflache;
eine Mehrzahl von seitlich beabstandeten,
lichtdurchlassigen, elektrisch leitfahigen Strei-
fen (101), welche in Reihen auf der Oberflache
des Substrates (100) angeordnet sind, wobei
Bereiche der Oberflache des Substrates (100)
zwischen ihnen freiliegen;

eine Schicht dielektrischen Mediums (103) auf
den leitfahigen Streifen (101) und den Berei-
chen der Oberflache des Substrates (100);
eine Mehrzahl von Kavitatsstrukturen (10, 20),
definiert durch das dielektrische Medium (103),
wobei jede Kavitatsstruktur (10, 20) ein Subpi-
xel definiert, wobei die Mehrzahl von Kavitats-
strukturen (10, 20) in Gberlagerndem Verhaltnis
zu der Mehrzahl von leitfahigen Streifen (101)
in Reihen positioniert sind, wobei individuelle
Kavitatsstrukturen (10, 20) in Gberlagerndem
Verhaltnis zu einem zugeordneten leitfahigen
Streifen (101) positioniert sind, um einen Be-
reich des leitfahigen Streifens (101) freizule-
gen;

gekennzeichnet durch:

drei elektrolumineszente Strukturen (202, 203,
204) von denen jede wenigstens eine Schicht
aus organischem, aktivem Emittermaterial auf
den leitfahigen Streifen (101) und eine Metall-
schicht mit einer Austrittsarbeit von weniger als
4,0 eV auf der Schicht aus organischem, akti-
vem Emittermaterial aufweist, wobei die drei
elektrolumineszenten Strukturen seitlich und
abwechselnd in den Kavitatsstrukturen (10, 20)
auf dem freigelegten, zugeordneten leitfahigen
Streifen (101) angeordnet sind, wobei alle Ka-
vitatsstrukturen in jeder individuellen Reihe nur
eine Art der drei elektrolumineszenten Struktu-
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ren (202, 203, 204) enthalten und wobei die drei
elektrolumineszente Medien (202, 203, 204)
ausgewahlt sind, um in Zusammenarbeit eine
Vollfarbemission zu liefern, indem sie drei un-
terschiedliche, aktive Emittermaterialien auf-
weisen, welche drei Grundfarben, jede in ei-
nem anderen Subpixel eines Pixels, erzeugen;
und

ein Kappenmetall (106, 108, 110) aus der Grup-
pe bestehend aus Aluminium (A1), Silber (Ag),
Kupfer (Cu) und Gold (Au), ausgewahlt ist, wel-
ches auf dem Metall mit einer Austrittsarbeit
von weniger als 4,0 eV und in versiegelndem
Eingriff Uber den Kavitatsstrukturen (10, 20) in
Kontakt mit dem Metall mit einer Austrittsarbeit
von weniger als 4,0 eV positioniert und verbun-
den ist, um eine Mehrzahl von seitlich beab-
standeten, parallelen Metallstreifen (115) zu
bilden, die in Spalten orthogonal zu den leitfa-
higen Streifen (101) angeordnet sind.

Organisches Vollfarben-Leuchtdiodenarray wie in
Anspruch 1 beansprucht, wobei die lichtdurchlassi-
gen, elektrisch leitfahigen Streifen (101) ein organi-
sches Polymer-oder ein anorganisches Material,
vorzugsweise Indium-Zinn-Oxid, enthalten.

Organisches Vollfarben-Leuchtdiodenarray wie in
Anspruch 1 beansprucht, wobei das dielektrische
Medium (103), welches die Kavitatsstrukturen (10,
20) definiert, ein organisches Polymer- oder ein an-
organisches Material enthalt.

Organisches Vollfarben-Leuchtdiodenarray wie in
Anspruch 3 beansprucht, wobei das dielektrische
Medium (103), welches die Kavitatsstrukturen (10,
20) definiert, ein anorganisches Material, ein-
schlieBlich Siliziumdioxid, Siliziumnitrit oder Alumi-
niumoxid, enthalt.

Organisches Vollfarben-Leuchtdiodenarray wie in
Anspruch 1 beansprucht, wobei die Dicke des di-
elektrischen Mediums (103) in einem Bereich von
10 um bis 0,1 um liegt.

Organisches Vollfarben-Leuchtdiodenarray wie in
Anspruch 1 beansprucht, wobei die drei elektrolu-
mineszenten Strukturen (202, 203, 204) weiter eine
Schicht aus I6chertransportierendem Material und
eine Schicht aus elektronentransportierendem Ma-
terial umfasst, welche so positioniert sind, dass sie
die zwischen ihnen liegende Schicht aktiven Emit-
termaterials sandwichartig umgeben.

Organisches Vollfarben-Leuchtdiodenarray wie in
Anspruch 6 beansprucht, wobei die Schichten 16-
chertransportierenden Materials, aktiven Emitter-
materials und elektronentransportierenden Materi-
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als Formen organischen, organometallischen, po-
lymerischen oder Kombinationen organischen, or-
ganometallischen und polymerischen Materials
enthalten.

Verfahren zur Herstellung eines organischen Voll-
farben-Leuchtdiodenarrays, umfassend die Schrit-
te:

Bereitstellen eines lichtdurchlassigen und elek-
trisch isolierenden Substrates (100) mit einer
planaren Oberflache;

Aufbringen einer Schicht lichtdurchlassigen,
elektrisch leitfahigen Materials (101) auf der
oberen Oberflache des Substrates 100;
Mustern der Schicht lichtdurchlassigen, elek-
trisch leitfahigen Materials, um eine Mehrzahl
seitlich beabstandeter, leitfahiger Streifen
(101) mit Bereichen freiliegenden Substrates
(100) zwischen ihnen auszubilden;
Aufbringen einer Schicht dielektrischen Medi-
ums (103) oben auf den leitfahigen Streifen
(101) und den Substratbereichen (100);
Aufschleudern einer Schicht Photoresist auf
das dielektrische Medium (103);

Mustern der Photoresist-Schicht mittels einer
Topfstruktur-Maske, um Bereiche des dielektri-
schen Mediums (103) freizulegen;

Atzen der freigelegten Bereiche des dielektri-
schen Mediums (103), um seitlich beabstande-
te Kavitatsstrukturen (10, 20) in Gberlagerndem
Verhaltnis zu den leitfahigen Streifen (101) zu
definieren, wobei jede Kavitatsstruktur (10, 20)
einen Bereich eines zugeordneten leitfahigen
Streifens (110) freilegt;

gekennzeichnet durch:

Aufbringen einer elektrolumineszenten Struk-
tur (202, 203, 204) umfassend wenigstens eine
Schicht organischen, aktiven Emittermaterials,
die auf den leitfahigen Streifen (101) aufge-
bracht und zur Emission eines ausgewahlten
Farbtons ausgewahlt wird, und ein Metall mit
einer Austrittsarbeit von weniger als 4,0 eV,
welches auf der Schicht organischen, aktiven
Emittermaterials in jeder der Kavitatsstrukturen
(10, 20) aufgebracht wird;

Aufbringen einer Schicht eines Kappenmetalls
(106, 108, 110), ausgewahlt aus der Gruppe
bestehend aus Aluminium (A1), Silber (Ag),
Kupfer (Cu) und Gold (Au) in jeder der Kavitats-
strukturen (10, 20), um die Kavitatsstrukturen
(10, 20) zu versiegeln und einen elektrischen
Kontakt mit dem Metall mit einer Austrittsarbeit
von weniger als 4,0 eV in den Kavitatsstruktu-
ren (10, 20) auszubilden;

Abheben der Photoresist-Schicht, um einen
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Satz von Pixeln zu vollenden, der aufgebaut
wurde, um einen ausgewahlten Farbton zu
emittieren; und

Positionieren von Metallstreifen (115) in Gber-
lagerndem Verhaltnis zu den Pixeln, wobei die
Metallstreifen (115) das Kappenmetall (106,
108, 110) in jeder Kavitatsstruktur (10, 20) in
den Pixeln in Reihen verbinden, wobei sich die
Reihen in einer zu den Metallstreifen (101) or-
thogonalen Richtung erstrecken.

Revendications

Matrice de diodes luminescentes organiques multi-
colores comprenant :

un substrat électriquement isolant et transmet-
tant la lumiére (100) ayant une surface plane;
une pluralité de bandes espacées transversa-
lement, électriquement conductrices et trans-
mettant la lumiére (101) disposées en lignes
sur la surface du substrat (100), des parties de
la surface du substrat (100) étant exposées en-
tre celles-ci;

une couche de milieu. diélectrique (103) sur les
bandes conductrices (101) et les parties de la
surface du substrat (100);

une pluralité de structures de cavité (10, 20) dé-
finies par le milieu diélectrique (103), chaque
structure de cavité (10, 20) définissant un sous-
pixel, la pluralité de structures de cavité (10, 20)
étant disposées en lignes en relation de super-
position avec la pluralité de bandes conductri-
ces (101), des structures de cavité (10, 20) in-
dividuelles étant placées en relation de super-
position avec une bande conductrice associée
(101) de fagon a exposer une partie de labande
conductrice (101),

caractérisée par :

trois structures électro-luminescentes (202,
203, 204), comprenant chacune au moins une
couche de matériau émetteur organique actif
sur les bandes conductrices (101) et une cou-
che de métal ayant un travail de sortie de moins
de 4,0 eV sur la couche de matériau émetteur
actif organique, les trois structures étectro-lu-
minescentes étant situées latéralement et de
fagon alternée dans les structures de cavité
(10, 20) sur la bande conductrice associée ex-
posée (101), toutes les structures de cavité de
chaque ligne individuelle contenant seulement
un genre des trois structures électro-lumines-
centes (202, 203, 204) et les trois milieux
électro-luminescents (202, 203, 204) étant
choisis de fagon a fournir, en coopération, une
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émission multicolore en comprenant trois ma-
tériaux émetteurs actifs différents qui générent
trois couleurs primaires, chacune dans un
sous-pixel différent d'un pixel; et

un métal chapeau (106, 108, 110) choisi dans
le groupe formé de I'aluminium (Al), de I'argent
(Ag), du cuivre (Cu) et de I'or (Au), placé sur le
métal ayant un travail de sortie de moins de 4,0
eV et en liaison étanche au-dessus des struc-
tures de cavité (10, 20) en contact avec le métal
ayant un travail de sortie moins de 4,0 eV et
connecté de fagon a former une pluralité de
bandes métalliques (115) paralléles, espacées
latéralement, disposées en colonnes orthogo-
nales aux bandes conductrices (101).

Matrice de diodes émettrices de lumiére organi-
ques multicolores selon la revendication 1 dans la-
quelle les bandes électriquement conductrices et
transmettant la lumiére (101) comprennent|'un d'un
polymeére organique ou d'un matériau minéral, de
préférence de I'oxyde d'étain-indium.

Matrice de diodes émettrices de lumiere organi-
ques multicolore selon la revendication 1 dans la-
quelle le matériau diélectrique (103) définissant les
structures de cavité (10, 20) comprend I'un d'un po-
lymere organique ou d'un matériau minéral.

Matrice de diodes émettrices de lumiere organi-
ques multicolores selon la revendication 3 dans la-
quelle le milieu diélectrique (103) définissant les
structures de cavité (10, 20) comprend un matériau
minéral comprenant I'un du bioxyde de silicium, du
nitrure de silicium ou de I'alumine.

Matrice de diodes émettrices de lumiere organi-
ques multicolores selon la revendication 1 dans la-
quelle I'épaisseur du milieu diélectrique (103) est
située dans une plage de 10 um a 0,1 um.

Matrice de diodes émettrices de lumiere organi-
ques multicolores selon la revendication 1 dans la-
quelle les trois structures électro-luminescentes
(202, 203, 204) comprennent de plus une couche
de matériau de transport de trous et une couche de
matériau de transport d'électrons placées de fagon
a prendre en sandwich entre elles la couche de ma-
tériau émetteur actif.

Matrice de diodes émettrices de lumiére organi-
ques multicolores selon la revendication 6 dans la-
quelle les couches de matériau de transport de
trous, de matériau émetteur actif et de matériau de
transport d'électrons comprennent des formes de
matériau organique, organométallique, polymére
ou de combinaisons de matériau organique, orga-
nométallique et polymeére.
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8. Procédé de fabrication d'une matrice de diodes lu-

minescentes organiques multicolores comprenant
les opérations consistant a :

prendre un substrat électriquement isolant et
transmettant la lumiére (100) ayant une surface
plane;

déposer une couche de matériau électrique-
ment conducteur et transmettant la lumiére
(101) sur la surface supérieure du substrat
(100);

modeler la couche de matériau électriquement
conducteur et transmettant la lumiére pour for-
mer une pluralité de bandes conductrices es-
pacées latéralement (101), des parties du
substrat (100) étant exposées entre celles-ci;
déposer une couche de milieu diélectrique
(103) sur le dessus des bandes conductrices
(101) et des parties du substrat (100);
déposer par centrifugation une couche de ver-
nis photosensible sur le dessus du milieu dié-
lectrique (103);

modeler la couche de vernis photosensible a
travers un masque de structure de puits pour
exposer des parties du milieu diélectrique
(103);

graver des parties exposées du milieu diélec-
trique (103) pour former des structures de ca-
vité espacées latéralement (10, 20) en relation
de superposition avec les bandes conductrices
(101), chaque structure de cavité (10, 20) ex-
posant une partie d'une bande conductrice as-
sociée (101),

caractérisé par

le dépbt d'une structure électro-luminescente
(202, 203, 204), comprenant au moins une cou-
che de matériau émetteur actif organique dé-
posé sur les bandes conductrices (101) et choi-
si pour I'émission d'une tonalité choisie et un
métal ayant un travail de sortie de moins de 4,0
eV déposé sur la couche de matériau émetteur
actif organique, dans chacune des structures
de cavité (10, 20);

le dépdt d'une couche d'un métal chapeau
(106, 108, 110) choisi dans le groupe formé de
I'aluminium (Al), de l'argent (AG), du cuivre
(Cu) et de l'or (Au), dans chacune des structu-
res de cavité (10, 20) pour fermer hermétique-
ment les structures de cavité (10, 20) et former
un contact électrique avec le métal ayant un tra-
vail de sortie de moins de 4,0 eV dans les struc-
tures de cavité (10, 20);

I'enlévement de la couche de vernis photosen-
sible pour achever un ensemble de pixels cons-
truits pour émettre la tonalité choisie; et

la disposition de bandes de métal (115) en re-
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lation de superposition avec les pixels, les ban-
des de meétal (115) connectant le métal cha-
peau (106, 108, 110) dans chaque structure de
cavité (10, 20) dans les pixels en lignes, les li-
gnes s'étendant dans une direction orthogona-
le aux bandes de métal (101).
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